Materials used in this study
The code and the batch number of the materials used in this study are listed in Table  1 . The experimental primer, SR primer (Sankin Kogyo, Tokyo, Japan), was developed as a single-step bonding system, and included two bottles (Universal and Catalyst). One drop from each bottle was dispensed and mixed before use. SR primer contains 2-hydroxyethyl methacrylate (HEMA), tetra-methacryloxyethyl pyrophosphate, photoinitiators, ethanol and water. The primer indicated strong acidity, with a pH value of 0.6. The two types of an experimental resin-modified GIC system, Xeno/SR-5111 (Sankin Kogyo, Tokyo, Japan), namely a paste type (PA) and a powder/liquid type (PL), were used. Both materials contain almino-fluoro-silicate glass, tetra-methacryloxy-ethyl pyro-phosphate, HEMA, TEGDMA, Bis-GMA, and photoinitiators.
A light-cured resin composite (RC), Clearfii AP-X (Kuraray, Osaka, Japan), was also used to evaluate the bond strengths of the resin composite to enamel and dentin using the experimental bonding system.
Preparation of specimens
The single plane shear test assembly designed by Watanabe et al. (1988) 17) was used in this study (Figs. 1 and 2). Two plates were secured with rust-resistant screws to eliminate any movement during the bonding procedure and storage time. Bovine teeth were trimmed with a diamond saw and ground with #600-grit silicon carbide paper (SiC) under a stream of water. The area for bonding was then demarcated with vinyl adhesive tape with a hole 4mm in diameter, and the specimens were mounted into the countersunk hole in plate A using a die stone (Fuji Rock , GC, Tokyo, Japan). After the die stone had completely set, the resin-modified GICs or the resin composite was placed in the countersunk hole in plate B using the bonding system described below. The bonding protocol was: (1) application of the experimental primer on the ground enamel or dentin surfaces for 30s, followed by gentle air drying, and (2) irradiation of visible light for 10s (single-coating group) . Procedures (1) and (2) were repeated (double-coating group) in some groups to compare the bond strengths of the single-coating method with those of the double-coating method. Resin-modified GICs or the resin composite was applied to the treated surfaces and photoirradiated for 30s. After the specimens were prepared, they were stored in 37 water for 24h. The assemblies were attached to a universal testing machine (AG-500B, Shimadzu, Kyoto, Japan) by alignments ( Fig. 1 ). The screws holding plate A to plate B were removed just before loading, and shear bond strengths were measured at a crosshead speed of 2.0mm/min. The number of specimens was ten for each group . The shear bond strengths for each group were compared statistically by one-way ANOVA and Fisher's PLSD test at the 5% level. To  observe  the  enamel  or  dentin  surfaces  conditioned  with  SR  primer,  the 
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RESULTS
The bond strengths to enamel and dentin are summarized in Table 2 and Table 3 . Bond strengths to enamel were over 11MPa in all cases (Table 2 ). However, higher Table 2 Shear bond strengths to enamel (MPa)
Vertical bars indicate significant differences at the 5% level. bond strength to enamel was obtained for PL, compared to PA and RC using the single-coating method. For PL, bond strengths to enamel showed no statistical differences between single-coating and double-coating, whereas bond strengths were significantly improved when a double-coat was applied prior to PA or RC (p<0.05).
Using the single-coating method on dentin, bond strength was 14MPa for PL , while bond strengths were low for PA and RC. However, bond strengths of PA and RC to dentin significantly increased using the double-coating method (p<0.05).
SEM observation of the enamel surface treated with SR primer (Fig. 3a) indicated that the smear layer on the ground enamel was completely removed, and honey-comb structures were observed; i.e., enamel peripheries were removed, leaving the prism cores intact. In the case of dentin, the smear layer was removed and the dentinal tubules were observed, however, the smear plugs remained partially in the orifices (Fig.  3b) . 
DISCUSSION
Shear bond test assembly was standardized by the International Standards Organization (ISO) in 199319). In a conventional assembly, it must be assumed that the shear blade can never be placed exactly at the bonding interface. However, when the blade is placed away from the interface, a bending moment will be created which could cause some deviation in the results. Formation of a small fillet of resin was also unavoidable in a conventional assembly, which may cause a change in the way that the stress distribution occurs during bond testing20). The single plane shear test assembly designed by Watanabe et al.17) enables the shear force to load close to the interface between the tooth and bonding resin, and can eliminate the small fillet of bonding material (Fig. 2) . Bovine teeth were used in the shear bond test as a substitute for human teeth because of the large number of teeth required for this study, and because human teeth are scarce. In addition, the use of the bovine teeth makes it easy to obtain uniform surfaces for bonding, which are suitable for primary screening tests. However, it is very important to know the bonding performances of restorative materials to human teeth from the clinical stand point. Thus, human teeth were used in the SEM observations in this study.
PL provided good bonding to enamel and dentin even with single-coating of SR primer because of its good wettability to the cured primer compared to that of PA and RC. The resin matrix of PL seems to penetrate easily into the subsurface of the cured primer and be polymerized there, resulting in good formation of an interpenetrating polymer network (IPN). In contrast, PA or RC lacked affinity to the cured primer because of the low concentration of resin matrix in these materials, which resulted in limited penetration of monomers into the cured primer. In double-coating the SR primer in PA or RC, the secondly-applied primer can penetrate into the polymer network of the first layer of primer, and be polymerized, reinforcing the mechanical property of the primer. This reinforcement increases bond strengths to enamel and dentin. The bond strengths to dentin varied among these three materials even in the double-coating method, which might have been caused by the differences in elasticity among these materials21).
The SEM observations of the tooth surfaces treated with SR primer indicated that the primer functioned as a mild conditioner to enamel and dentin. The pH value of 0.6 was due to tetra-methacryloxy-ethyl pyro-phosphate included in the primer. The acidity of the primer was remarkably stronger than those of other primers in SYSTEM commercially available resin-modified GICs (Nikaido, unpublished results).
In the previous study on a single-step bonding system, a methacryloyloxyethyl phenyl phosphoric acid (Phenyl-P)22) was expected to be used for the multi-functional monomer for the system. Phenyl-P can remove the smear layer on dentin surfaces and penetrate into the subsurface of dentin14). The SEM views of the interfaces between PL and enamel or dentin indicated that good adhesion was achieved using this system. The hybrid zone23) was observed at the interface between PL and dentin, which strongly suggested that the micromechanical interlocking between the primer and dentin is due to the bonding of the resin-modified GICs to dentin substrates.
Such a zone has been previously reported by Shono (1995)24).
Bonding procedures of commonly used dentin adhesive systems require several steps to achieve good adhesion to dentin. The instructions of the bonding protocols vary according to each system, which may confuse practitioners, and cause technical errors during bonding procedures.
Thus, further simplified bonding systems should be developed in order to reduce the technical sensitivity of the bonding systems. The present study suggested that a single-step bonding system could provide good adhesion of both resin-modified GICs and resin composite to enamel and dentin. 10) Triana, R., Prado, C., Garro, J., Garcia, Godoy, F.: Dentin bond strength of fluoridereleasing materials, Am J Dent 7: 252-254, 1994. 11) Fritz, U.B., Finger, W.J. and Uno, S.: Resin-modified glass ionomer cements: Bonding to enamel and dentin, Dent Mater 12: 161-166, 1996. 12) Chen, R.S. and Bowen, R.L.: The use of N-phenylglycine in a dental adhesive system, J Adhesive Sci 
